ABSTRACT EL-SHAZLY, K. (Alexandria University, Alexandria, Egypt), AND R. E. HUN-GATE. Method for measuring diaminopimelic acid in total rumen contents and its application to the estimation of bacterial growth. Appl. Microbiol. 14:27-30. 1966.-Diaminopimelic acid (DAP) was measured in rumen samples for which growth rate had previously been estimated from changes in fermentation capacity. The growth measurements by the two methods agreed within the experimental error. Agreement between the rate of bacterial growth (DAP) and total microbial growth (fermentation capacity) suggests that the protozoa also grow at about this rate. a , t-Diaminopimelic acid (DAP) was discovered by Work (13) as a constituent of the cell walls of Corynebacterium diphtheriae. This acid was later found (14) in most bacterial species except some gram-positive cocci and lactobacilli. Among other living cells, only blue-green algae contained DAP (5, 16). Synge (11) found the nitrogen of this amino acid in Ruminococcus flavefaciens to the extent of 1.0% of the total nitrogen, but found none in an amylolytic coccus, presumably Streptococcus bovis.
covered by Work (13) as a constituent of the cell walls of Corynebacterium diphtheriae. This acid was later found (14) in most bacterial species except some gram-positive cocci and lactobacilli. Among other living cells, only blue-green algae contained DAP (5, 16) . Synge (11) found the nitrogen of this amino acid in Ruminococcus flavefaciens to the extent of 1.0% of the total nitrogen, but found none in an amylolytic coccus, presumably Streptococcus bovis.
DAP is a constituent of the bacterial cell wall mucopeptide; the rest of the cell contains only traces. The meso compound is the isomer most prevalent in bacterial cell walls. It can be separated from the LL and DD isomers by one-dimensional chromatography (4, 5, 10, 16) . A review of the distribution, biosynthesis, and metabolism of DAP has been published by Rhuland (9) .
Synge suggested the use of DAP to measure the rumen bacterial population, but thought that variability in DAP concentration among different bacterial species might make its use invalid. This criticism would not apply in a single animal or culture during a short period of time. On the assumption that the proportions of bacteria of different species are approximately constant, the DAP in rumen contents has been used to measure the bacterial population (12) . The present paper describes a method for the determination of DAP in whole rumen contents, and presents results from the application of this method to measurement of rumen bacterial growth.
MATERIALS AND METHODS Preparation ofrumen sample. Rumen contents were obtained from two fistulated cows, one a lactating Holstein, fed a mixture of hay and concentrate, and the other a Jersey heifer, fed exclusively on alfalfa hay. The rumen samples tested for DAP were portions from the same large samples used for measuring total microbial growth, of both protozoa and bacteria, by the change in fermentation capacity before and after 1 hr of in vitro incubation under rumen conditions (3). The portions for DAP analysis were mixed immediately with equal volumes of 0.1 N HCl to stop microbial activity. They were then centrifuged at 3,500 X g for 20 min, and the supernatant liquid was discarded. The residue was suspended in acetone and centrifuged for 20 min, and was then dried at 105 C and ground in a Wiley mill.
A 2-g amount of the ground rumen contents was hydrolyzed in 100 ml of 6 N HCI in a sealed Kjeldahl flask at 105 C for 22 to 
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Portions (1 m) of thecid h aydrolysate were put on top of the 100-cm column and eluted with citrate buffer (pH 3.8) containing 1 ml of BRIJ-35 detergent (StOg in 100 ml of water) and 0.5 ml of a ,a-thiodiethyl alcohol for every 100 ml of buffer. The detergent was essential; in its absence, the acids could hardly be eluted from the column. Without the thiodiethyl alcohol, recovery of DAP from the column was very low.
The first 100 ml of eluent were collected together; then 5-ml fractions were collected by use of a fraction collector. The operation was initially carried out in an incubator room at 38 C. Proline elution was complete between the 145-and 160-ml fractions, and was followed by DAP in the 170-to 250-ml eluate.
At room temperature, it was also possible to obtain a good separation and recovery, with DAP appearing in fractions from 210 to 290 ml. Rate of flow of eluent was 8 ml per hr.
The fractions containing the DAP were mixed in a 150-ml beaker and dried over a steam bath by directing a small jet of air onto the surface of the evaporating liquid. The residue was transferred quantitatively into a 10-ml volumetric flask, and 0.5-or 1.0-ml portions were analyzed.
Analysis for DAP. The reaction of ninhydrin with the amino acids at a pH less than 1 (15) gives a yellow color with DAP, but forms no color with the other amino acids which may elute with DAP. The yellow color produced by DAP is very stable, unlike the blue color with ninhydrin at pH 5. The reagent itself is stable and does not require the precautions necessary for the Moore and Stein (7) reagent. Furthermore, atmospheric ammonia does not interfere with the color. This makes the reaction preferable to the blue color reaction of Moore and Stein. Proline, hydroxyproline, ornithine, and diaminoadipic acid give a red color with ninhydrin at pH less than 1 but do not elute with DAP.
The ninhydrin reagent was made by dissolving 250 mg of pure ninhydrin in 6 ml of glacial acetic acid and 4 ml of 6 M phosphoric acid. Less Two tubes were used for a ninhydrin reagent blank determination. Since the concentrated liquid containing the DAP had a pale-yellow color due to thiodiethyl alcohol and BRIJ-35, two tubes containing 0.5 or 1 ml of the liquid and glacial acetic acid but no ninhydrin reagent also served as a blank. The color was read against a water blank, and the reagent and sample blanks were subtracted from the value obtained.
The fraction containing the proline contained also glycine and alanine, detected by thin-layer chromatography according to Brenner and Niederweiser (1). The fraction containing DAP had also valine and sometimes methionine, but these gave no color with the ninhydrin reaction at pH less than 1 (15 
DIscussIoN
The average net microbial growth rate, determined by the change in maximal fermentation rate of the samples as those now analyzed for DAP increment, was 7.5% per hour (3); i.e., if the quantity of microbes be considered as 100%, their rate of increase was 7.5% per hour. The net bacterial growth rate, as determined by change in DAP, was 6%. The negative values for growth based on DAP presumably result from sampling and analytical error, as no decrease in DAP would be expected during the short incubation period.
The average growth values obtained by the two methods are similar, suggesting that protozoal growth rate, included in the maximal fermentation method, does not differ markedly from the bacterial growth rate.
The present method was accurate to about +5%, sufficient to permit rough estimates of growth by differences in DAP concentration within 1 As measured by the fermentation capacity of the two populations (3), the total microbial concentration, including both protozoa and bacteria, in the rumen of the concentrate-hay animal was 2.16 times the concentration in the hay-fed animal. This higher ratio when the protozoa are included suggests that protozoa were responsible for relatively more of the maximal fermentative activity in the hay-concentrate animal than in the one fed on hay. This is in line with the usual higher concentration of Entodinium when grain is fed.
The total nitrogen per gram of dried rumen contents obtained from the hay-fed heifer varied from 21.2 to 23.7 mg (average 22.4), whereas in the concentrate-fed lactating cow it varied from 28.5 to 33.9 mg (average 30.1). If the DAP nitrogen is 0.6% of the total rumen bacterial nitrogen, as found by Weller et al. (12) , the 0.414% DAP nitrogen in the total rumen nitrogen indicates that 69% of the nitrogen in the hay-fed animal was bacterial. A similar calculation for the 0.487% DAP nitrogen in the hay-concentrate cow shows that almost 80% of the total nitrogen was bacterial. The remaining 20% must have resided chiefly in the protozoa, which accounted for at least 25% of the activity. The nitrogen content of rumen protozoa (ca. 6 to 7%) is less than that of the bacteria (ca. 10.5%). The percentage DAP nitrogen of total nitrogen was least in samples obtained before feeding, indicating that at that time the bacterial nitrogen was a smaller fraction of the total nitrogen. Presumably the protozoa were relatively more important.
